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5.4 Structure-strengthening type high tensile steel 

5.4.1 DP (Dual Phase) steel sheet 

A DP steel sheet is a steel sheet of a composite microstructure comprising 
ferrite phase and martensite phase, and features low yield point by work 
hardening potential that exists around the boundary of ferrite phase adjacent to 
martensite phase. Because of this, the DP steel sheet has low springback 
and excellent shape freezing property. In addition, compared with precipitation 
hardened steel sheets, the DP steel sheet has a high elongation percentage, 
excellent bulging workability, and fatigue resistance so that they are utilized for 
the manufacture of wheel discs and so on. 

5.4.2 TRIP (Transformation Induced Plasticity) steel sheet 

TRIP steel has drawn a lot of attention not only for excellent formability but 
also for high energy-absorption capacity at the time of collision 40) . FIG. 31 
compares various steel sheets in terms of tensile strengths and energy- 
absorption capacities of axially crushed square tubes (70mm x 70mm x 320mm 
high) having a sheet thickness of 2mm. The TRIP steel is a steel sheet having 
superductility benefitted from transformation induced plasticity, and its bainite or 
ferrite + bainite structure retains residue of several% to 30% of metastable 
austenite that can be transformed to hard martensite 41 \ In the mechanism for 
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manifesting transformation induced plasticity, metastable austenite remaining in 
the structure is transformed to martensite following relevant processing routes 
and the level of strength in that part is increased, whereby transformation is 
spread to surroundings where the strength is relatively low, resulting in high 
workability. In general, the aggregation structure of the TRIP steel is random, 
so that r-value of TRIP steel is as low as 1 .0 or even below. However, as 
shown in FIG. 32, because transformation methods, by which austenite is 
induced following the processing routes and is transformed to martensite, vary 
depending on deformation modes 42) , superior deep drawability is obtained. 
That is, because the retained austenite in a shrunk flange transformation 
section is not easily transformed to martensite, deformation resistance is 
maintained at a low level. On the other hand, the vertical wall, a risky area at 
fracture, is under plane-strain tension so the retained austenite is transformed 
to martensite and becomes hardened, causing an increase in fracture 
toughness. Moreover, since the TRIP steel has a high n value, it is also 
excellent in bulging property. 

FIG. 31 Tensile strengths and energy absorption capacities of various 
steel sheets 
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FIG. 32 Deformation modes and change in retained austenite in TRIP 
steel 8) 

•fr—^T-f-'i hfc^M^- : Volume ratio of austenite 
ti^M'l4t>-f : Corresponding plastic strain 
^•$43 1 : Uniaxial tension 
5 Pffit>"T^ 1 - : Plane strain 
^Zlf&<7l35 : Biaxial tension 
Wkfyy 7 ~yi? : Shrink flanging 
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